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Background: Laparoscopic cholecystectomy (LC), with or without staged bile duct interventions (BDIs), is
increasingly used in acute cholecystitis. However, few studies have concurrently evaluated the timing of
cholecystectomy procedures and BDIs, and quality of cholecystectomy care in cholecystitis patients. We
investigated the effects of timing of BDIs and cholecystectomy on resource utilization, in order to assess
the suitability of procedure timing or approach as quality indicators.
Methods: In 2006, 5914 cholecystectomy patients were treated for cholecystitis at 423 hospitals in Japan.
We analyzed patient demographics, BDIs (including endoscopic retrograde cholangiopancreatography,
percutaneous gallbladder or common bile duct drainage, endoscopic sphincterotomy, and extraction of
choledocholithiasis), procedure-related complications, hospital teaching status, postoperative length of
stay (LOS) and charges (TC). Multivariate analysis was used to measure the impact of study variables on
LOS, TC and complications.
Results: Open cholecystectomy (OC) was performed in 1318 patients and LC in 4596. Acute inﬂammation
was diagnosed in 52% of OC and 28% of LC patients. The incidence of complications was 8.1% for OC and
5.5% for LC. BDIs were more frequent in LC patients, especially preoperatively. Early cholecystectomy was
associated with lower resource use. Postoperative BDIs had a signiﬁcant impact on LOS and complica-
tions. Laparoscopic early cholecystectomy was associated with fewer postoperative BDIs. Hospital vari-
ation was found among postoperative resource use and outcomes.
Conclusions: Delayed cholecystectomy and postoperative BDIs are not recommended. Use of post-
operative BDIs might be a promising quality indicator for monitoring quality of preoperative care when
performing early laparoscopic cholecystectomy in cholecystitis patients.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Laparoscopic cholecystectomy (LC) is the preferred technique
for patients with cholelithiasis, though controversies exist con-
cerning its safety and efﬁcacy in comparison with conventional,
open cholecystectomy (OC).1,2 As the use of LC increases, even in: þ81 92 642 6961.
bara).
ciates Ltd. Published by Elsevier Ltcomplicated cases, additional procedures for gallbladder or
common bile duct complications will continue to be important
for the successful completion of LC.
Debates have focused on the superiority of early, compared
with delayed, cholecystectomy, laparoscopic methods versus
laparotomy, the safety of LC for acute cholecystitis, and suitable
management strategies for cholecystectomy patients.3–14 The
advantages and disadvantages of bile duct interventions (BDIs),
including percutaneous gallbladder aspiration (PGBD) and endo-
scopic retrograde pancreaticocholangiography (ERCP), have alsod. All rights reserved.
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dure should be abandoned, and that the latter be performed
preoperatively.3,5,11,14 According to reports by the Ministry of
Health, Welfare and Labor (MHWL) in Japan, the use of several
types of BDIs has increased during the era of LC. The annual number
of cases of endoscopic dilatation or sphincterotomy of the ampulla
of Vater rose from 27,000 in 1996 to 38,000 in 2001.15,16
Most studies, however, have compared the clinical and
economic aspects of LC, OC, or BDIs, or the effects of their timing,
individually.5,8,14 In addition, the deﬁnition of early cholecy-
stectomy has varied from 24 to 96 h, either from the onset of
symptoms or presentation at hospitals, to the start of cholecys-
tectomy.4,6,7,9,10,12,13 A comprehensive overview of the beneﬁts of LC
and OC, taking into account the timing of the procedures, including
BDIs, is needed to determine their effects on length of hospital
stay (LOS) and postoperative costs.8
It would be helpful to compare the advantages and disadvan-
tages of preoperative and postoperative BDIs, from the viewpoint
of resource use, and to determine the use of postoperative BDIs
or delayed cholecystectomy as possible markers of quality of
cholecystectomy care. The aims of the current study were to
compare the quality of preoperative and postoperative BDIs, in
terms of postoperative resource use and complications, and to
measure the impact of factors associated with postoperative BDIs
and complications in order to suggest an indicator of the quality
of care for cholecystitis patients.2. Materials and methods
2.1. Database
Information on patients with benign gallbladder disease treated
by cholecystectomy at hospitals participating in our research
project in 2006 was retrieved from the Japanese administrative
database and analyzed. This database was used by MHWL to
develop a Japanese case-mix classiﬁcation system in 2002 and to
proﬁle hospital performance and assess hospital payments across
731 hospitals (82 academic hospitals and 649 community hospi-
tals) in 2006. These hospitals provide acute care and participate in
medical research and student and postgraduate education and
training throughout Japan. The database contains discharge
summaries and claims data for each hospital, and information is
collected annually between July 1 and December 31. Our research
project was approved by the ethics committee of the University
of Occupational and Environmental Health in Kitakyushu, Japan.2.2. Deﬁnition of variables
Study variables included age, gender, use of an ambulance,
presence of acute or chronic inﬂammation of the gallbladder wall,
presence of comorbidities, surgical technique (LC or OC), use of
BDIs, use of total parenteral nutrition (TPN) in patients with severe
disease requiring bowel rest, complications attributable to diag-
nostic and therapeutic procedures, outcome at discharge, and
hospital teaching status. Patients were classiﬁed by age into two
groups: <65 years of age and 65 years of age. Transfer by ambu-
lance was used as an indicator of emergency admission.
Diagnoses in the database were coded according to the Inter-
national Statistical Classiﬁcation of Diseases, 10th version (ICD10).
Of the ICD codes indexing disorders/diseases of the inﬂammatory
gallbladder (K80.0-1, K80.3-4, K81$, K82.0-3, to K83.0), the
following codes were considered to represent acute inﬂammation:
K80.0, K80.3-4, K81.0, K82.2, and K83.3. All other ICD codes were
considered to represent chronic inﬂammatory conditions.Up to four comorbidities per patient were recorded.We used the
Charlson Comorbidity Index (CCI), which was translated from its
original ICD-9CM form into ICD10 code, to assess the severity of
chronic comorbid conditions.17 A maximum of four complications,
deﬁned as unexpected events after admission, were also recorded.
Procedure-related complications were deﬁned as any of the
following ICD-10 codes: procedure-related complications (T80S-
T87$), bowel obstruction (K65.0, K65.8–.9, K66.0, K91.3), peritonitis
(K56.0, K56.2, K56.5–.7), and acute pancreatitis (K85).18
The database also lists ﬁve operative procedures per hospitali-
zation. In the present study, we included patients receiving OC or
LC without choledocholithotomy. Choledocholithotomy patients
were excluded because they require different treatment options,
such as T-tube management, and also require a longer post-
operative LOS than cholecystectomy patients. LC cases converted to
OC were considered as OC cases.
The timing of cholecystectomy was divided into three cate-
gories: cholecystectomy started within 48 h after admission was
classiﬁed as early cholecystectomy, cholecystectomy started
between 48 and 96 h was classiﬁed as intermediate cholecystec-
tomy, and cholecystectomy started later than 96 h was classiﬁed
as delayed cholecystectomy.
The three main types of BDIs were described as ERCP alone,
external drainage, or internal drainage. External drainage involved
PGBD or percutaneous transhepatic cholangiography and drainage
(PTCD). Internal drainage involved balloon dilatation or sphincter-
ectomy for the ampulla of Vater, extraction of common bile duct
(CBD) stones, and stent insertion for benign CBD stenosis. BDIs
performed either before or after cholecystectomy were counted.
Cases with both post- and pre-operative BDIs were counted as
postoperative cases.
We calculated the postoperative LOS (days) and total charges
(TC; $1 ¼ U100) as measures of total postoperative in-hospital cost.
Preoperative or total LOS and TC were also calculated. Charges
for hospital care in Japan are determined by a standardized fee-for-
service payment system; fees accrued through this system are
considered to be good estimates of healthcare costs.19
2.3. Statistical analysis
Categorical data on the frequency and proportion of every study
variable were reported. Comparisons were made using Fisher’s
exact test. Box charts were used to display distributions of post-
operative LOS and TC by timing of cholecystectomy and timing of
various types of BDIs, stratiﬁed either by OC or LC. Continuous
variables were compared using non-parametric tests. Multiple
linear regression models were used to analyze the impact of
combinations of timing and type of cholecystectomy on LOS and TC.
Because the distributions of both LOS and TC were right-skewed,
these values were log10-transformed in this model. Logistic
regression analysis was applied to determine the relationships
between cholecystectomy timing and approach and the occurrence
of complications and use of postoperative BDIs. Statistical analysis
was performed using SPSS 16.0. All reported p-values were two-
tailed, and the level of signiﬁcance was set at 0.05.
3. Results
Of the 1,895,249 patients from the 469 hospitals in the Japanese
administrative database 2006, 5914 cholecystectomy patients were
identiﬁed who had a diagnosis of cholecystitis at admission to 423
hospitals (including 664 cases treated at 63 academic hospitals and
5250 cases treated at 360 community hospitals). Five cholecys-
tectomy patients died (three OC and two LC cases). Out of the 5914
cholecystectomy cases, 1318 (22.3%) patients underwent OC, and
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OC and 60 years for LC. There were 890 patients>65 years of age in
the OC group (67.5%) and 1780 (38.7%) in the LC group. There were
811males in the OC group (61.5%) and 2341 (50.9%) in the LC group.
Ambulance transfer patients accounted for 171 (13.0%) OC cases
and 260 (5.7%) LC cases. Acute cholecystitis was diagnosed in
a signiﬁcantly higher proportion of OC (680; 51.6%) than LC patients
(1299; 28.4%)). There were no comorbidities in 918 (69.7%) OC
and 3804 (82.8%) LC patients.
Delayed cholecystectomy was prevalent in the OC group
(667; 50.6%), whereas early cholecystectomy was more frequent in
LC cases (1946; 42.3%). Preoperative BDIs were more frequent than
postoperative BDIs. External drainage was the most common
preoperative BDI procedure in OC patients (18.3%), while internal
drainage was the preferred preoperative BDI (28.8%) among LC
patients. Complications occurred in 107 (8.1%) OC and 252 (5.5%) LC
patients. TPNwas employed in 134 (10.2%) patients in the OC group.
Median postoperative LOS was longer in OC (10 days) than in LC
patients (5 days), and median postoperative TC was higher in OC
($5384) than in LC patients ($4349). Differences in median preop-
erative or total LOS and TC between OC and LC patients were
statistically signiﬁcant (Table 1).
A comparison of LOS and TC across four study variables is shown
in Figs. 1 and 2. Statistically signiﬁcant differences among several
study variables were observed among both OC and LC patients.Table 1
Patient characteristics stratiﬁed by procedure (N ¼ 5914).
Cholecystectomy p
Open Laparoscopic
N (number of hospitals) 1318 (317) 4596 (406)
Age (years)
Median 71 [16] 60 [21] <0.001a
65 years (%) 890 (67.5) 1780 (38.7) <0.001
Gender (%)
Male 811 (61.5) 2341 (50.9) <0.001
Ambulance (%)
Transferred 171 (13.0) 260 (5.7) <0.001
Primary diagnosis (%) <0.001
Acute cholecystitis 680 (51.6) 1299 (28.3)
Charlson Comorbidity Index (%) <0.001
0 918 (69.7) 3804 (82.8)
1 261 (19.8) 576 (12.5)
2 139 (10.5) 216 (4.7)
Timing of cholecystectomy <0.001
Early cholecystectomy 457 (34.7) 1946 (42.3)
Intermediate period cholecystectomy 194 (14.7) 928 (20.2)
Delayed cholecystectomy 667 (50.6) 1722 (37.5)
Type or timing of BDIs
Preoperative ERCP only 59 (4.5) 214 (16.2) 0.705
Postoperative ERCP 10 (0.8) 26 (2.0)
Preoperative internal drainage only 100 (7.6) 379 (28.8) <0.001
Postoperative internal drainage 31 (2.4) 41 (3.1)
Preoperative external drainage only 241 (18.3) 358 (27.2) 0.405
Postoperative external drainage 4 (0.3) 7 (0.5)
Procedure-related complications (%) 107 (8.1) 252 (5.5) <0.001
Total parenteral nutrition (%) 134 (10.2) 135 (2.9) <0.001
Hospital type (%) <0.001
Academic 127 (9.6) 537 (11.7)
Resource use
Median preoperative length of stay (days) 5 [12] 3 [8] <0.001a
Median preoperative total charge ($) 2620 [1955] 1351 [953] <0.001a
Median postoperative length of stay (days) 10 [6] 5 [3] <0.001a
Median postoperative total charge ($) 5384 [4644] 4349 [3191] <0.001a
Median overall length of stay (days) 18 [18] 10 [10] <0.001a
Median overall total charge ($) 8738 [5486] 6007 [3804] <0.001a
[ ], Quartile range. BDI, bile duct intervention; ERCP, endoscopic retrograde
pancreaticocholangiography.
a Non-parametric test. others; Chi-square test.After adjusting for demographic and clinical variables, laparo-
scopic cholecystectomy, at any point, was associated with signiﬁ-
cantly shorter postoperative LOS (standardized coefﬁcients:
delayed0.372, intermediate period0.338, early0.573). Early to
intermediate laparoscopic cholecystectomy resulted in lower
postoperative TC (standardized coefﬁcients: early .0.538, inter-
mediate period 0.337). All types of postoperative BDIs were
associated with longer LOS but lower TC than preoperative BDIs.
Acute inﬂammation and comorbidities were also predictors of
higher postoperative use of resources (Table 2).
Among the study variables, postoperative ERCP and external
drainage were stronger determinants of complications. Cholecys-
tectomy timing and approach were not predictive of complications.
Laparoscopic cholecystectomy was predictive of the use of post-
operative BDIs. Academic hospitals were associated with more
complications and postoperative BDIs (Table 3).
4. Discussion
Comparison of conventional and new procedures using
more realistic economic evaluations, as well as monitoring of the
quality of care, should take account of the effects of appropriate
treatment strategies and of additional interventions needed for
the successful completion of surgery. Our analysis demonstrated
that preoperative BDIs were preferable to postoperative BDIs in
terms of LOS, but not in terms of TC. Examination of the CBD
should be completed preoperatively, rather than postoperatively,
from the point of view of complications. Early cholecystectomy
should be also recommended in order to reduce resource use. No
patient or disease characteristics were associated with use of
postoperative BDIs. Variations between hospitals were observed
in terms of postoperative resource use, complications, and use of
postoperative BDIs.
In our study, postoperative LOS and TC in patients undergoing
early cholecystectomy, via laparotomy or laparoscopy, were
estimated to be 12.7–13.3% (1.07–1.12 days) shorter and 41.5%
($6495–$6976) less, respectively, than in patients undergoing
delayed cholecystectomy. These ﬁndings were similar to the
results of previous research on laparoscopic cholecystectomy.4,6
Furthermore, acute cholecystitis required postoperative stays that
were 12.7% longer (1.07 days) than those required for chronic
cholecystitis, which was in agreement with the results reported
by Pessaux et al.6
In contrast, Low and colleagues found that delayed surgery was
associated with 1-day shorter postoperative stays, and that delays
in LC of more than 72 h could be allowed without reducing safety
or cost-effectiveness.12 The delay in surgery in the study by Low
et al. might have included the period of 72–96 h, which was
classiﬁed as intermediate timing for cholecystectomy in our study.
The inclusion of patients who underwent cholecystectomy after
72–96 h might have affected the conclusions of Low et al., and the
discrepancy between these and our results could be due to wide
variations in the deﬁnition of timing of cholecystectomy or the use
of preoperative BDIs. In addition, Low and colleagues acknowl-
edged the role of PGBD in high-risk patients undergoing delayed
cholecystectomy.
The use of ERCP, with or without intervention for stones in the
CBD, should not be ignored, whether in cases of acute, inﬂamed
gallbladder or cholecystitis with suspected stones in the CBD. Bosch
and colleagues acknowledged that the costs associated with both
OC and LC were controversial, because different studies utilized
variable patient case-mixes, as well as awide variety of methods for
calculating costs.20 Disease severity factors, such as presence of
inﬂammation or suspected choledocholithiasis, demand prudent
pre- or postoperative treatment strategies, which reﬂect variations
Fig. 1. Impact of timing of cholecystectomy and of bile duct interventions on length of stay (LOS) for open cholecystectomy (OC) vs. laparoscopic cholecystectomy (LC).
Fig. 2. Impact of timing of cholecystectomy and of order of bile duct interventions on total charges ($) for open cholecystectomy (OC) vs. laparoscopic cholecystectomy (LC).
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Table 2
Linear regression analysis of factors associated with log10-transformed postoperative length of stay (LOS) and total charge.
Independent variables Postoperative LOS Postoperative total charge
Unstandardized
coefﬁcient
Standardized
coefﬁcient
p Unstandardized
coefﬁcient
Standardized
coefﬁcient
p
Intercept 0.926 0.000 <0.001 4.214 0.000 <0.001
Age 65 years 0.069 0.127 <0.001 0.012 0.031 <0.001
Male 0.001 0.002 0.830 0.004 0.010 0.089
Primary diagnosis (reference: chronic cholecystitis)
Acute cholecystitis 0.052 0.090 <0.001 0.028 0.069 <0.001
Ambulance used 0.044 0.042 <0.001 0.035 0.047 <0.001
Charlson Comorbidity Index (reference: 0)
1 0.027 0.035 0.001 0.009 0.016 0.006
2 0.061 0.053 <0.001 0.019 0.023 <0.001
Timing and cholecystectomy approach
(for open delayed cholecystectomy)
Laparoscopic delayed cholecystectomy 0.222 0.372 <0.001 0.007 0.015 0.106
Open intermediate period cholecystectomy 0.040 0.026 0.025 0.197 0.182 <0.001
Laparoscopic intermediate period
cholecystectomy
0.252 0.338 <0.001 0.178 0.337 <0.001
Open early cholecystectomy 0.059 0.058 <0.001 0.233 0.323 <0.001
Laparoscopic early cholecystectomy 0.331 0.573 <0.001 0.221 0.538 <0.001
Timing of ERCP (reference: preoperative ERCP only)
No ERCP 0.025 0.021 0.066 0.084 0.097 <0.001
Postoperative ERCP 0.316 0.090 <0.001 0.060 0.024 <0.001
Timing of internal drainage (reference: preoperative
internal drainage only)
No internal drainage 0.028 0.030 0.009 0.169 0.255 <0.001
Postoperative internal drainage 0.366 0.148 <0.001 0.131 0.075 <0.001
Timing of external drainage (reference: preoperative
external drainage only)
No external drainage 0.026 0.029 0.011 0.164 0.259 <0.001
Postoperative external drainage 0.435 0.069 <0.001 0.058 0.013 0.028
Total parenteral nutrition 0.177 0.136 <0.001 0.125 0.135 <0.001
Procedure-related complications 0.072 0.063 <0.001 0.006 0.007 0.215
Hospital type (reference: community) 0.011 0.013 0.193 0.015 0.024 <0.001
F test for the model: p<0.001; Coefﬁcient of determination: LOS, 0.393; TC, 0.802. ERCP, endoscopic retrograde pancreaticocholangiography.
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relative economic beneﬁts of LC versus OC might not have taken
into account pre- or postoperative BDI procedures.
Several recent research reports focusing on treatment strategies
of biliary surgery, however, have mentioned pre-, peri-, or post-
operative applications of ERCP, internal drainage, or external
drainage.11 In earlier research by Zacks et al. and Schroeppel et al.,
management options for symptomatic cholelithiasis with sus-
pected choledocholithiasis were discussed, and preoperative ERCP
or intraoperative BDIs were preferred, though pre- and post-
operative BDIs were not compared.8,21 A strength of our research
designwas the evaluation of the effects of timing of several types of
BDIs on LOS and TC, by adjusting for factors such as inﬂammation
and timing of cholecystectomy.
Several other studies have concluded that postoperative LOS
was identical in PGBD groups and non-PGBD groups, and that the
use of PGBD did not shorten hospital stay.5,14 Our study, which
found higher postoperative TC despite controlling for relevant
covariates, also failed to ﬁnd any advantage of PGBD.
Zacksandcolleagues reported that LCwithERCPgeneratedhospital
charges that were 1.47-fold higher than those for LC without preop-
erative ERCP, but with intra-operative cholangiography or common
bile duct exploration.8 This result is in accordance with our study, in
which TC for patients with pre- or post-operative ERCPwere 1.21-fold
or 1.06-fold higher, respectively, than TC for patients without ERCP.
Due to higher postoperative TC, preoperative ERCP or internal
drainage might not be recommended. However, postoperative BDIswere shown to be associated with more complications and longer
postoperative LOS, and were not predicted by any study variables
except laparoscopic early cholecystectomy or hospital teaching status.
The timing of BDIs could therefore act as a possible quality indicator in
patients undergoing cholecystectomy. In the case of laparoscopic early
cholecystectomy, use of postoperative BDIsmight be a useful indicator
for monitoring whether or not a hospital should plan a prudent
preoperative treatment strategy for patients with cholecystitis.
There were some limitations of the methodology and interpre-
tations in the current study. First, information was gathered from
patients discharged during only a 6-month period in 2006, which
could limit the ability to generalize from our results. However, the
Japanese administrative database has now increased its annual
sample size, with the addition of more participating hospitals,
electronic collection of claims data, and an extension of the data
collection period.
Second, our study was a cross-sectional, observational study-
that lacked data on intention to treat (ITT). Using ITT methodology,
more LC cases would have been counted. However, the demon-
strated advantage of LC was so great that the conclusion would not
have been affected by the use of this methodology.
In conclusion, this study used a Japanese administrative database
to investigate the characteristics of OC and LC cases, with or without
several kinds of BDIs, and to estimate differences in resource utili-
zation associated with timing and approach of cholecystectomy,
through controlling for timing of BDIs. Delayed cholecystectomywas
associatedwith signiﬁcantly higher resource use, after controlling for
Table 3
Factors associated with complications, postoperative bile duct interventions(BDIs) and delayed cholecystectomy.
Independent variables Complications Postoperative BDIs
Odds ratio [95% CI] Odds ratio [95%CI]
Age
<65 years 1.000 1.000
65 years 1.409 [1.118–1.776] 1.435 [0.959–2.149]
Gender
Female 1.000 1.000
Male 1.121 [0.897–1.401] 1.338 [0.904–1.979]
Ambulance
Not used 1.000 1.000
Used 1.332 [0.936–1.896] 1.023 [0.533–1.962]
Primary diagnosis
No inﬂammation 1.000 1.000
Acute cholecysytitis 1.325 [1.048–1.674] 1.256 [0.838–1.883]
Timing and cholecystectomy approach
Open delayed cholecystectomy 1.000 1.000
Laparoscopic delayed cholecystectomy 1.148 [0.814–1.620] 0.888 [0.499–1.578]
Open intermediate period cholecystectomy 1.712 [0.978–2.995] 1.098 [0.422–2.861]
Laparoscopic intermediate period cholecystectomy 0.835 [0.521–1.337] 0.746 [0.357–1.558]
Open early cholecystectomy 1.087 [0.664–1.779] 1.185 [0.570–2.461]
Laparoscopic early cholecystectomy 0.852 [0.561–1.293] 0.368 [0.175–0.772]
Charlson Comorbidity Index
0 1.000 1.000
1 1.890 [1.445–2.472] 1.090 [0.652–1.823]
2 1.880 [1.298–2.722] 1.643 [0.889–3.036]
BDIs
No ERCP 0.637 [0.418–0.972] 1.000
Preoperative ERCP only 1.000 0.700 [0.276–1.775]
Postoperative ERCP 2.621 [1.102–6.233] *** ***
No internal drainage 0.523 [0.376–0.728] 1.000
Preoperative internal drainage only 1.000 1.248 [0.676–2.305]
Postoperative internal drainage 1.916 [0.994–3.695] *** ***
No external drainage 0.994 [0.699–1.412] 1.000
Preoperative external drainage only 1.000 0.763 [0.404–1.441]
Postoperative external drainage 5.684 [1.541–20.972] *** ***
Hospital type
Community 1.000 1.000
Academic 1.512 [1.114–2.053] 1.684 [1.015–2.795]
***Not included in the model. CI, conﬁdence interval; BDI, bile duct intervention; ERCP, endoscopic retrograde pancreaticocholangiography.
Hosmer Lemeshow goodness of ﬁt: Complications, p ¼ 0.139, postoperative BDIs, p ¼ 0.873.
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Preoperative BDIs were preferable because of the shorter LOS
and lower rate of complications. Fewer postoperative BDIs were
associated with laparoscopic early cholecystectomy. Hospital varia-
tion was observed in terms of postoperative resource use, compli-
cations, and use of postoperative BDIs. Postoperative BDIs used in
conjunction with a laparoscopic approach could act as a possible
quality indicator for scrutinizing the preoperative care process in
patients receiving cholecystectomy for cholecystitis.Conﬂicts of interest
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